Introduction {#sec1-1}
============

Ninety nine percent of the total body calcium is in the bones and the remaining 1% is in the extracellular space. The recommended dietary allowance (RDA) is 1,200 mg/day for pregnant women.([@ref1]) Pregnancy is a state of increased demand for calcium, which should be met. Calcium homeostasis is finely regulated by a complex mechanism coordinated by a variety of hormones, the chief among them being vitamin D and parathyroid hormone. However, serum calcium levels have been shown to be consistently low among pregnant women.([@ref2][@ref3][@ref4][@ref5]) The most important component of the regulation cycle is dietary calcium intake. So supplementing calcium in pregnancy may result in an elevation of the serum calcium level. Several complications during pregnancy have been attributed to the lower level of calcium. They include both maternal complications such as preeclampsia and poor bone formation in the mother, and fetal complications such as low birth weight, increased neonatal mortality, and high blood pressure in the child.([@ref2][@ref5])

Some studies showed no effect of the serum calcium level on preeclampsia([@ref2][@ref6][@ref7]) while other studies showed an association of serum calcium level with preeclampsia.([@ref8][@ref9][@ref10][@ref11][@ref12]) There is limited evidence from community-based studies of rural India for serum calcium level and the incidence of preeclampsia. Therefore, the study aimed to estimate the dietary calcium intake and serum calcium status among pregnant women and to document the association between serum calcium and preeclampsia in the third trimester of pregnancy.

Materials and Methods {#sec1-2}
=====================

This community-based cross-sectional survey was conducted (from November 2012 to December 2013) at the Ballabgarh Health and Demographic Surveillance System (HDSS), which is managed by Centre for Community Medicine (CCM), All India Institute of Medical Sciences (AIIMS), New Delhi, Delhi, India. It is situated in Ballabgarh block of Faridabad district, Haryana, India. The Ballabgarh HDSS has two primary health centres (PHC) and one subdistrict hospital at Ballabgarh, Haryana, India. A detailed description of Ballabgarh HDSS is available in one of our recent publications.([@ref13]) Ethical approval was obtained from the Ethics Committee of the AIIMS, New Delhi, Delhi, India, vide their letter reference no. IESC/T-420/02/11/2012 dated November 8, 2012. All registered pregnant women with a period of gestation of more than 28 weeks were eligible for inclusion in the study. Pregnant women with known history of hypertension before 20 weeks of gestation were excluded.

We assumed the prevalence of dietary calcium insufficiency to be 66% based on the study of Darwish *et al*.([@ref3]) Based on relative precision of 10% and alpha error of 0.05, the required sample size was 210. Assuming a response rate of 90%, the total sample size required was 235. All pregnant women in study area were included. A total of 217 pregnant women were enrolled.

All eligible pregnant women were contacted through home visits. Dietary intake was assessed by 24-h dietary recall method. Dietary calcium intake was calculated by applying the Indian Council of Medical Research (ICMR) standard nutritive value of Indian food([@ref14]) to the dietary history. Blood of 3 mL from the antecubital vein was drawn without the use of a tourniquet, under aseptic conditions. The blood was stored in previously labeled polypropylene tubes and allowed to clot spontaneously. Centrifugation at 60 rpm for 2 min was performed. Serum calcium was measured with the enzymatic method using automated spectrophotometer (Biolis 24i manufactured by Carolina Liquid Chemistries Corporation, Winston-Salem, North Carolina, United States of America). The 24-h dietary recall method was repeated on the second day and the blood report was handed over to the participant.

Blood pressure was measured at the first visit using a manual pneumatic sphygmomanometer (Industrial Electronic & Allied Products, Pune, Maharashtra, India), with the pregnant women sitting comfortably as recommended by the British Hypertension Society and the Nurses Hypertension Association. A clean-catch urine sample was tested by dipstick at the first visit for albuminuria.([@ref15]) Preeclampsia was defined as a systolic blood pressure higher than 140 mmHg and a diastolic blood pressure higher than 90 mmHg on two occasions at least 4 h apart after 20 weeks of pregnancy in a woman with previously normal blood pressure, along with proteinuria \[defined as N300 mg/24 h or ≥1+ (on a clean-catch dipstick in the absence of urinary infection)\].([@ref16])

The data were entered on Epi Info version 3.5.4 (Centers for Disease Control and Prevention, Atlanta, USA). The data were then transferred to Microsoft Excel 2010. Data cleaning was done in Microsoft Excel 2010. Analysis was done in Stata 11 (StataCorp, College Station, Texas, USA). The results of descriptive analysis are presented as proportions with 95% confidence intervals (CIs) or as mean \[standard deviation (SD)\] wherever applicable.

Results {#sec1-3}
=======

Sociodemographic characteristics of the participants {#sec2-1}
----------------------------------------------------

Through the Health Management Information System, we generated a list of 217 pregnant women who were eligible to participate in the study. All the women participated in the study. About 38.8% of the pregnant women were 21 years or below in age. Out of 217 pregnant women, 97.3% were homemakers. One-fourth pregnant women had studied till high school and the same proportion had studied till middle school \[[Table 1](#T1){ref-type="table"}\]. The mean height (SD) was 154.7 cm (6.31) and mean weight (SD) was 57.5 kg (8.1). Out of the 217 pregnant women, 76 (35%) were primigravida.

###### 

Distribution of pregnant women by sociodemographic status
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Dietary calcium intake and serum calcium level {#sec2-2}
----------------------------------------------

A total of 51 (23.5%) pregnant women had dietary calcium intake more than or equal to the recommended value (RDA = 1,200 mg). The mean dietary calcium intake (SD) was 858.4 (377.0) mg/day against RDA of 1,200 mg/day. However, 191 (88%) pregnant women had serum calcium level of more than 9 mg/dL. The mean serum calcium level (SD) was 9.6 (0.56) mg/dL against the normal level of 9.0 mg/dL \[[Table 2](#T2){ref-type="table"}\]. On bivariate analysis, dietary calcium intake was associated with education (*P* value \<0.01, [Table 3](#T3){ref-type="table"}).

###### 

Distribution of pregnant women by serum calcium level and dietary calcium intake
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###### 

Distribution of serum calcium level and dietary calcium intake among pregnant women by various variables
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Association of preeclampsia with serum calcium level and dietary calcium intake {#sec2-3}
-------------------------------------------------------------------------------

A total of 29 (13.4%) pregnant women developed preeclampsia. Serum calcium level was not associated with preeclampsia, odds ratio (OR) 1.2 (95% CI 0.27-3.98). There was no significant difference in the mean serum calcium level between those who developed preeclampsia and those who did not \[[Table 4](#T4){ref-type="table"}\].

###### 

Distribution of preeclampsia among pregnant women by serum calcium level and dietary calcium intake
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Discussion {#sec1-4}
==========

This study provided information about the dietary calcium intake and serum calcium level and its association with preeclampsia among pregnant women in a community setting. There were no teenage pregnancies, which is an independent risk factor for preeclampsia. The mean dietary calcium intake was 858.4 mg/day with SD of 377 mg/day. The mean dietary intake was lower than the RDA of 1,200 mg/day.

The mean serum calcium level was 9.6 mg/dL with SD of 0.56 mg/dL. The mean serum calcium level was near the normal value of 9 mg/dL.([@ref17]) Other studies had reported a lower level of mean serum calcium.([@ref2][@ref3][@ref4][@ref18][@ref19][@ref20]) The reported lower level of serum calcium level could be explained by the fact that these studies were conducted in a hospital setting. Hence, the pregnant women were more likely to have deranged biochemical parameters. Kumar *et al*.([@ref2]) reported that the urban pregnant women were less exposed to sunlight. Rural women working outdoors are more likely to be exposed to sunlight for a longer period of time. Though most of the pregnant women in our study were homemakers, they also worked outside the confines of the house. Thus, they were likely to have received greater exposure to sunlight resulting in increased vitamin D production. This increase in vitamin D could lead to increase in serum calcium level. High phyate content in the diet hinders the absorption of calcium in the diet. We did not measure the phyate content of the diet. Hence, we are unable to comment on the role of dietary phyates on the findings related to serum calcium level.

The dietary calcium intake was not related to serum calcium level in the pregnant woman. It is therefore, possible that there are factors other than dietary intake that regulate the serum calcium level. Therefore, simply increasing dietary calcium intake during pregnancy may not necessarily result in an increase in the serum calcium level.

The incidence of preeclampsia in the third trimester in pregnant women was 13.4%. There was no significant association between serum calcium level and the occurrence of preeclampsia in our study. However, many studies([@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12]) have shown an association of preeclampsia with low serum calcium levels. Preeclampsia etiology is complex and depends on a number of factors. It has been shown that the main risk factor for preeclampsia is chronic hypertension. In our study, none of the pregnant women were diagnosed with chronic hypertension. Other studies were hospital-based and the severity of preeclampsia was likely to be higher in pregnant women visiting a hospital than those diagnosed in the community. The overall incidence of preeclampsia could have been underestimated in our study because we had visited the pregnant women only once between 28 weeks and 36 weeks. There was a possibility of the pregnant women developing preeclampsia after the visit. We made a concurrent measurement of the serum calcium level and incidence of preeclampsia at the time of the visit. Therefore, the findings are valid at the time of measurement. However, it is possible that some more pregnant women might have developed preeclampsia later on, which was not recorded. We had collected the serum for estimating the calcium level among pregnant women with 28-36 weeks of gestation. Other studies had estimated the serum calcium level at the time of delivery. It has been shown that serum calcium level decreases with increasing months of gestation.([@ref21]) Therefore, the serum calcium level would be lower at the time of delivery as compared to the level at 28-36 weeks of gestation. Therefore, a lower level of serum calcium and the occurrence of preeclampsia were concomitant and might not be etiologically associated. Other studies had recruited patients who were diagnosed cases of preeclampsia. The time of onset of preeclampsia was not known. So it cannot be inferred that a low level of calcium in the serum leads to preeclampsia.

There was no statistically significant association between dietary calcium intake and preeclampsia. It is hypothesized that low calcium intake may cause high blood pressure by stimulating the release of parathyroid hormone and/or renin, thereby increasing intracellular calcium concentration in vascular smooth muscle cells and causing vasoconstriction.([@ref22]) A possible explanation for the mode of action of calcium supplementation is that it reduces parathyroid calcium release and intracellular calcium concentration, thereby reducing smooth muscle contractility and promoting vasodilatation.([@ref23]) But all these effects are exerted by the serum calcium level, which we have shown is independent of the dietary calcium intake. Thus, calcium supplementation is unlikely to have an effect on the incidence of preeclampsia. The dietary calcium intake only replenishes the stores and the serum calcium levels are maintained in a tight range. Knowledge regarding calcium intake and serum calcium level in community settings can help us better frame the policies and guidelines regarding calcium supplementation.

Ours was a community-based study; therefore, extrapolation of results to the community can be made. Adequate sample size and high participation rate (100%) give us confidence about the validity of the study findings. All the samples were tested in one laboratory, which was housed in a reputed medical institution. Interobserver variation was avoided since the data were collected by a single investigator. The overall incidence of preeclampsia could have been underestimated in our study because we had visited the pregnant women only once between 28 weeks and 36 weeks. There was a possibility of the pregnant women developing preeclampsia after the visit.

In conclusion, the mean dietary calcium intake of pregnant women residing in the rural part of North India was less than the RDA. The serum calcium level was however, normal. Thus, even though the dietary calcium intake was low, the serum calcium level was normal. The incidence of preeclampsia was not associated with serum calcium level. Calcium supplementation may not reduce preeclampsia in this population. We feel that a larger study with a multicentric site is needed to document the serum calcium level among pregnant women residing in the rural areas of India.
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